ABSTRACT Turtles are one of the most threatened groups of vertebrates worldwide. In the 19 northeastern United States, a legacy of centuries of dramatic landscape alteration has affected 20 freshwater turtle populations, but the relationships between the current landscape and 21 distributions and abundances of freshwater turtles remain poorly understood. We used a stratified 22 random approach to select 88 small, isolated wetlands across a gradient of forest cover 23 throughout Rhode Island, USA, and systematically sampled freshwater turtles in these wetlands. 24
random approach to select 88 small, isolated wetlands across a gradient of forest cover 23 throughout Rhode Island, USA, and systematically sampled freshwater turtles in these wetlands. 24 We report estimates of relative abundance and used a canonical correspondence analysis to 25 investigate relationships between species relative abundance and environmental covariates. We 26 land area in Rhode Island has been decreasing since at least 1953, when an estimated 65% of the 48 state was forested (Butler and Payton 2011). A recent estimate suggested that approximately54% of the state is forested (Butler 2013) . This extreme landscape alteration in a relatively short 50 period of time has certainly led to changes in the distribution and abundance of wildlife, but the 51 legacy of this change is poorly understood for many species, including freshwater turtles. 52
As a vertebrate group, turtles have an extremely high rate of extinction risk (Bohm et al. 53 2013). In the United States, freshwater turtles are of particular conservation concern largely 54 because of a significant loss in wetland area beginning in the eighteenth century. An estimated 55 We opportunistically hand-captured a small number of turtles (<15) that were encountered when 146 working with traps. 147
We collected data on all trapped turtles at each trapping session. We identified each new 148 turtle to species; sexed, measured, and weighed them; and marked them along the marginal 149 scutes with a unique code for each individual. We also recorded recaptured turtles, and released 150 all turtles back into the wetland immediately after processing. At each wetland, we estimated 151 percent cover of vegetation during the second or third survey after all vegetation had fully 152 emerged. We estimated percent cover for each vegetation category while standing at the wetland 153 edge (Table 2) ; the same individual made all estimates (S.B.). To assess water chemistry at each 154 wetland, in spring 2015 we collected samples from 3 distinct points within each wetland and 155 combined them to form 1 125-ml sample for subsequent laboratory analysis. We measured pH 156 (model HI-902, Hanna Instruments, Woonsocket, RI, USA) and total dissolved solids (EcoTestr 157 TDS Low, Oakton Instruments, Vernon Hills, IL, USA) on the same day as water sample 158 collection. We measured concentrations of ammonia-nitrogen, nitrate-nitrogen, and dissolved 159 phosphorous with a segmented flow nutrient autoanalyzer (Astoria Pacific, Clackamas, OR, 160 USA). The limit of detection was 15 µg/L for ammonia and nitrate, and 4 µg/L for dissolved 161
phosphorous. 162
Information System (RIGIS; RIGIS 2017) to quantify landscape features. We used the Forest 164
Habitat dataset to determine percent cover of different landscape types and to quantify landscape 165 metrics (Table 2) . We examined historical aerial imagery taken at approximately 10-year 166 increments and dating back to 1939 to determine the age (up to >77 years) of all sampled 167 wetlands. By doing so, for the majority of wetlands, we were able to determine whether they 168 were naturally occurring, constructed, or heavily modified by people. 169
Statistical Analysis 170
We estimated relative abundance for each species at each wetland by calculating the total 171 number of unique individuals caught divided by the total number of trap nights. We used 172 canonical correspondence analysis (CCA) to summarize relationships between species relative 173 abundance and the environmental covariates measured at each wetland. We were primarily 174 interested in using CCA as an exploratory technique to identify the major structure in the data 175 and to identify the most important covariates associated with abundance (Everitt and Hothorn 176 2011). We built a correlation matrix consisting of all site-level covariates (Table 2; excluding  177 geographic location and only considering landscape covariates at the 300-m scale) and the 178 corresponding relative abundances for each species, at each site. We conducted the CCA using 179 the vegan package in R (R Foundation for Statistical Computing, Vienna, Austria) using the 180 scaling option, which standardized all data to a mean of zero and standard deviation of 1. We 181 constructed a plot of the first 2 constraints with ellipses drawn around mean values for each 182 species and representing 95% confidence ellipses based on the corresponding standard error. We 183 used a permutation test with 999 permutations to assess the significance of constraints.
We modeled heterogeneous detection probabilities (p) using covariates that changed 185 between surveys (i.e., survey-level; was a landscape covariate, we compared both functional forms at both spatial scales (i.e., linear 220 300 m, quadratic 300 m, linear 1 km, and quadratic 1 km) and retained the term from the most 221 supported model. If 2 remaining covariates were highly correlated (≥0.9 Pearson correlation 222 coefficient), we compared single covariate models containing each term using BIC and retained 223 the term from the more supported model. With these retained terms, we then built the secondary 224 global model, evaluated all subsets, and considered the most supported model as our top model. 
RESULTS

233
We sampled 88 wetlands over 3 years ( Fig. 1 , Tables S1 and S2, available online in Supporting 234 Information). Traps were deployed for a total of 5,824 trap nights yielding 1,661 unique 235 individuals consisting of 5 species (Table 1) . We conducted 4 surveys at 79.5% (70/88) of 236 wetlands and <4 at the remaining wetlands. The average number of days between surveys was 237 38.9 ± 0.77 (SE; n = 228). Painted turtles were the most abundant species and were detected in 238 84.1% of wetlands (1,369 individuals; 74/88 wetlands). We detected snapping turtles in 62.5% of 239 wetlands (207 individuals; 55/88 wetlands), red-eared sliders in 10.2% of wetlands (21 240 individuals; 9/88 wetlands), spotted turtles in 7.9% of wetlands (52 individuals; 7/88 wetlands), 241 and musk turtles in 4.5% of wetlands (12 individuals; 4/88 wetlands). We did not capture any 242 wood turtles because we did not sample riparian wetlands. We did not detect turtles in 10.2% of 243 wetlands (9/88 wetlands). 244
Relative abundance of painted turtles was highest at the lowest forest cover class and 245 generally decreased with increasing forest cover. Relative abundance of spotted turtles was 246 substantially higher in the highest forest cover class and we detected only 1 individual below the 247 60-70% forest cover class. Relative abundance of snapping turtles exhibited minor variation 248 across most of the gradient of forest cover (Fig. S1 ). Non-native red-eared sliders did not occur 249 in cover classes >50-60% forest cover. 250
For the first CCA axis, pH, woody vegetation, and forest cover accounted for the most 251 variation in relative abundance of freshwater turtles (Table S3 ). This axis accounted for 43.3% of 252 the total variation in the data. Total dissolved solids, wetland age, and road density accounted forthe most variation in the second axis, but this axis accounted for only 4.9% of the total variation 254 in the data. Ellipses for painted turtles and snapping turtles were both positioned towards the 255 center of the plot (Fig. 2) . The spotted turtle ellipse was positioned towards the negative end of 256 the first axis (more forest cover and woody vegetation). The red-eared slider ellipse was 257 positioned farthest towards the positive end of the first axis (more development and higher pH) 258 and the negative end of the second axis (higher road density and total dissolved solids). The 259 CCA was marginally significant based on the permutation test P-value of 0.078. 260
We modeled occupancy for 4 species of freshwater turtles (Table 3, Table S5 ). We did 261 not consider musk turtle occupancy because detection probability fell below 5% ( The detection parameter of the top model included a positive logistic relationship with air 279 temperature, and a positive logistic relationship with road density at the 1-km scale for the 280 occupancy parameter ( Fig. 3; Fig. S2) . 281
DISCUSSION 282
Spotted turtles and red-eared sliders were encountered far less frequently than painted turtles and 283 snapping turtles. The fact that the introduced red-eared slider was found in a greater number of 284 wetlands than the native spotted turtle is concerning from a conservation standpoint. However, 285
CCA ellipses for these 2 species exhibited the greatest divergence, suggesting a strong difference 286 in the land cover types where they are found, which would suggest a limited possibility for direct 287 interactions in the near future. The relatively low statewide occupancy rate of spotted turtles is 288 consistent with the idea that populations of this species are rare and that they Nonetheless, we report relative abundance estimates for descriptive purposes and to compare to 372 other studies. Occupancy modeling is more robust to these issues and can be interpreted in the 373 context of presence or absence and habitat selection. Although the utility of occupancy modeling 374 is limited in that it does not permit estimation of important population parameters such as 375 density, survival, or recruitment, the technique contributes to knowledge of geographic 376 distribution and allows for the identification of habitat features associated with a particular 377 species, especially when multiple species are compared (Nielsen et al. 2010) . 378
Our sampling was limited to small, hydrologically isolated wetlands and may not be 379 representative of the interplay between the landscape and different wetland types (e.g., lacustrine 380 and riparian wetlands). Moreover, it is possible that we violated the assumption of closure when 381 modeling occupancy, but because we sampled each wetland for only 1 year that concern is 382 minimized. 383
As human populations grow and development continues apace, conservation biologists 384 will be tasked with identifying the lands most critical for maintaining native species and those 385 most likely to be colonized by non-native species. Illuminating these relationships can improve 386 the ability of biologists to predict where sensitive species occur within a region and inform 387 management decisions for those species. 388
MANAGEMENT IMPLICATIONS 389
Results from this study indicate that human development has influenced the distribution of 390 spotted turtles and red-eared sliders in Rhode Island, albeit in different ways. Identifying habitatfeatures at the landscape scale that are associated with species occurrence has long been an 392 objective in conservation biology. For spotted turtles, future work should aim to identify viable 393 populations in the region using these occupancy models as a way to narrow search effort. This 394 work also serves as a baseline for the current state of the invasion of red-eared sliders in Rhode 395
Island. With future sampling, wildlife managers may be able to assess whether existing 396 regulations intended to slow the invasion are proving effective. 397
Amassing herpetological occurrence records, through herpetological atlases or natural 398 heritage programs, is a priority among state biologists in the northeastern United States and these 399 occupancy models may be used by biologists for targeting areas for sampling or prioritizing 400 areas for conservation. Moreover, with a better understanding of the conditions under which each 401 species is most likely to be detected, there is strong potential to improve sampling methodology. 
